ECYCLING of textile waste materials has attracted significant attention for fabrication lowcost dye adsorbent from aqueous solutions. Viscose waste as cellulosic fibers are supposed to give an answer to finding low-cost adsorbent materials. In this research work, viscose fiber wastes (VF) were modified by selective oxidation to improve the ability of absorbing cationic dyes during wastewater treatment. For this purpose, different treatment parameters such as sodium periodate concentration, and time of selective oxidation with sodium chlorite were investigated. Then, unmodified and oxidized viscose fibers (OVF) were ball milled to produce viscose powder (VP) and oxidized viscose powder (OVP), respectively. The morphology of the obtained viscose powders was characterized by scanning electron microscopy. Furthermore, the adsorption of methylene blue(MB) onto viscose cellulose fiber waste and oxidized viscose fibers was studied as a function of contact time (0-80 min), adsorbent dosage (1-9 g/L), MB solution initial pH (3-9) and MB initial concentration (20-80 mg/L). The results showed that MB adsorption onto VP and OVP is a rapid and favorable chemisorption process that can be well described by Langmuir model. The higher adsorption ability of OVP than VP was related to increasing of the carboxylic group. The oxidized viscose fiber can be used as potential adsorbent for wastewater treatment.
Introduction
Lately, environment contamination by manufactured aqueous organic chemicals have attracted wide attention [1] . Dyes are one of the most significant water contaminants due to their diverse and huge usage in textile, leather, paper, plastics, rubber, cosmetics, pharmaceutical and food industries [2, 3] . Dye pollution represents a pressing problem owing to their adverse ecological and human health effects and bulky global production [1, [3] [4] [5] [6] [7] [8] . Although, several countries have set strict acts to limit the dye releases, more than 7 × 10 5 tons of 10,000 types of dyes are still produced yearly, and 10-15% of them are released into the environment [1] . Among these types of dyes, the highly visible cationic dyes, are recalcitrant, toxic and has adverse effects including skin irritation, allergic dermatitis, mutations, cancer and tissue necrosis [2] . Therefore, efficient removal of dyes from aquatic system has become an urgent challenge for scientists [1, 2, 5, 7, 8] .
Numerous treatment techniques, like coagulation, flocculation, precipitation, anaerobic/aerobic biological degradation, ion exchange, solvent extraction, adsorption, advanced oxidation processes, and membrane filtration have been applied to remove dyes from aqueous solutions [1, [7] [8] [9] [10] . But, the simplicity, flexibility, high efficiency, cost effectiveness, large scale applicability, insensitivity to toxic substances and availability of various adsorbents made adsorption the most practical and economic technique for dyes removal [1, 7, 10, 11] . However, finding an efficient and lowcost adsorbent still the key of the adsorption process. Several low-cost materials were used either as adsorbent or as precursors for adsorbent preparation including natural materials (e.g. pinecones [12] , algae [3] , humic acids [13] [14] [15] and clay minerals [16] and industrial waste (e.g. spent pickle liquor [17] , wool fiber waste [6] and nylon 66 fiber waste [18] .
The textile industry is one of the most essential commodity goods industries. Textile recycling is supposed to give an answer to the finding low-cost adsorbent materials. The production of finished yarns, textiles, technical textiles, nonwovensand garments is accompanied with generation a large amount of pre-consumer textile waste causing a further serious disposal problem. For this reason, textile recycling is beneficial for environmental and economic reasons, such as reduction of landfill space, less energy consumption and reduce of wastingwater [19] [20] [21] .
Viscose is one of the most important and cheapest of all cellulosic fibers used in clothing manufacturing. Viscose is a linear cellulosic polymer, which is similar to cotton but without spiral configuration like cotton. Unlike cotton, viscose cellulosic polymer contains 60-65% amorphous and shorter polymers. On the contrary, Cotton has 65-70% crystalline region and 30-35% amorphous cellulose. It is supposed to overcome the steadily increasing problems of higher world market cotton prices and cotton demand problem [22] .
The current work aims to produce a lowcost sorbent for cationic dye depending on preconsumer viscose fibers waste. To achieve this goal, selective oxidation treatment was carried out to viscose fiber waste at different conditions such as sodium periodate concentrations, time of treatment and time of further oxidation by sodium chlorite. Finally, both of unmodified and oxidized viscose fiber waste were physically modified by ball mill technique to obtain powder with high surface area to enhance the ability of dye adsorption. On the other hand, the adsorption performance of the physically and chemically modified waste viscose fiber was assessed and compared under different conditions such as aqueous medium pH, sorbent dose, contact time, and initial dye concentration. Finally, the adsorption equilibrium data was modeled using Langmuir, Freundlich, and DubininRadushkevich (D-R) equations.
Materials and Methods

Materials
Viscose fiber waste (VF) was provided by Misr Rayon (Cairo, Egypt). Sodium periodate was purchased from sigma-Aldrich (Merck), Germany. All chemicals and solvents used were reagent grade and used without further treatment or purification.
Methods
Purification of viscose fiber waste
The viscose fibers were purified in order to obtain a well-defined reference substance according to procedure described in the literature [23] . In brief, Removal of non-cellulose compounds (hemicellulose, waxes, pectin, proteins) by using boiling alkaline cleaning method followed by oxidative bleaching and demineralization to remove natural dyes, pigments and cations respectively.
Preparation of oxidized viscose fiber
Purified viscose fiber samples were oxidized according to literature procedure by immersing in solutions of sodium periodate in 0.1 M acetic buffer, pH 4.0, at different concentrations of sodium periodate in the range of 2.0, 3.0 and 4.0 mg/mL [24] . Subsequently, the mixture was then stirred in the dark at room temperature for 60, 150, and 360 min. After completion of the oxidation, the viscose fiber samples were washed thoroughly with ice-cold distilled water on a filter paper set in a Büchner funnel. Furthermore, the obtained aldehyde groups at C 2 -C 3 were selectively oxidized to carboxyl groups with sodium chlorite 0.2 M at pH 5 for 24, 36 and 48 hrs. at room temperature. The oxidized fibers were washed with distilled water to constant conductivity and dried in air [25] [26] [27] .
Powder preparation
Viscose fibers (VF), as well as oxidized viscose fibers (OVF), were both milled separately using the ball milling technique (Retsch PM 100, Germany), equipped with zirconium balls, to produce viscose powder (VP) and oxidized viscose powder (OVP). The total milling time was adjusted for 8 hours, stopped each 10 min for 5 min and then start over in a reverse direction [28] .
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Characterization Determination of the carboxylic content
The carboxyl group content present in the oxidized viscose was measured according to the methylene blue method described in the literature [23] . The dye methylene blue binds to acid carboxylic groups of fibers using the principle of ion exchange. As the treatment, a weighted cellulose sample (approx. 0.5 g) was suspended in 25 ml of aqueous methylene blue chloride solution (300 mg/l) and 25 ml of borate buffer of pH = 8.5 for 1 h at 20 °C in a 100 ml Erlenmeyer flask and then filtered. Then 10 ml of 0.1 N HCl and subsequently water, up to 100 ml, were added and the methylene blue content of the liquid was determined photometrically, employing a calibration plot. The carboxyl group content of the sample is obtained according to
where A is the total amount of free methylene blue [mg] and m is the weight of oven-dried sample [30] .
Scanning electron microscope (SEM)
The morphological structure of viscose powder and the modified viscose were investigated with scanning electron microscopy. All samples were mounted on aluminum stubs, and sputter coated with gold in a 150 Å sputter (coated Edwards), and examined by Quanta FEG 250. Electron Probe Microanalysis (Japan) equipped with EnergyDispersive X-ray facility (EDAX), magnification range 35-10,000, accelerating voltage 20 kV.
Adsorption studies.
The cationic thiazine methylene blue dye (MB) was used as adsorbate in this study. 1.00 g MB was dissolved in double distilled water to get a 1000 mg/L stock solution. Different working solutions were prepared by diluting the stock solution and their absorbance was measured by UV-visible spectrophotometer (Shimadzu UV-2600) at wavelength 664 nm. The absorbance values were plotted vs concentration to get a standard curve with R 2 = 0.99.
Batch adsorption experiments were performed at room temperature in 250 mL stopper conical flasks. A weight of the adsorbent was shocked at 120 rpm with a series of 100 mL MB solution. At definite times, sample was withdrawn, filtered, and the remaining MB concentration in the filtrate was measured as described above. The adsorption
percentage (%) and quantity of MB adsorbed per unit mass of the adsorbent (q t , mg/g) was calculated by Eq. (2) and (3), respectively.
Where C o, C t and C e are the concentration (mg/L) of MB at zero-time, time t and equilibrium, respectively, V (L) is the volume of MB solution and m (g) is the amount of the adsorbent.
Adsorption kinetics were examined by mixing 0.3 g of the adsorbent with 100 mL MB solution (20 mg/L, original solution pH 6.5), shaking for predetermined time interval. The effect of adsorbent amount on the adsorption was studied by shaking different dosages; namely 1, 3, 5, 7, and 9 g/L, with 100 mL MB solution (20 mg/L, original solution) for 1 hrs (deduced for the kinetics study). Also, the effect of MB solution initial pH (pH o ) was investigated by adjusting the pH of MB solution(20 mg/L) to 3, 5, 7, and 9 using 0.1 M HCl or 0.1 M NaOH, shaking with 7 g/L of the adsorbent (deduced for the dosage effect study) for 1 h. Adsorption isotherms were obtained by shaking 7 g/L of adsorbent with MB solution of different concentrations (20-80 mg/L) adjusted to pH 9 (deduced form the pH effect study) for 60 min. The pseudo-first-order (Eq. (4)) and pseudosecond-order (Eq. (5)) kinetic models were used to simulate the adsorption kinetics and Freundlich (Eq. (6)), Langmuir (Eq. (7)) and DubininRadushkevich (Eq. (8)) isothermal models were used to simulate the adsorption isotherms.
where q t (mg/g) is the mass of MB adsorbed per gram of adsorbent at time, equilibrium k 1 is the rate constant of the pseudo-first-order, k 2 is the pseudosecond-order rate constant,Q o is the theoretical maximum monolayer coverage capacity (mg/g) and
to adsorption intensity, q m is D-R's monolayer capacity (mg/g), β is constant enables calculating the sorption energy ( ), and ɛ (= , R is the gas constant, and T is the absolute temperature (K)) is Polanyi potential.
Procedural blank and MB standard were analyzed routinely in each sample batch. Insignificant adsorption % was observed in the procedural blank. Each experiment was run in duplicate and the average data were presented.
Results and Discussion
Characterization
Carboxylic content Carboxylic acid groups, -COOH, represent the ion exchange capacity of the modified viscose fiber, i.e., the ability to absorb cationic dyes during wastewater treatment, the values of the carboxyl group content obtained by the methylene blue method for different modified viscose fibers are presented in Table 1 . It was noted that, the untreated samples possess a considerable number of the carboxyl group's, i.e. 27.18 mmol/kg. This can be explained by the pre-treatment process during viscose manufacturing which induces the formation of carboxyl groups. It was observed that, in the second step of selective oxidation the content of carboxyl groups increases with increasing the time of oxidation reaction. For instance, the carboxylic content of selective oxidized viscose fiber waste using sodium chlorite solution for 24, 36, and 48 hours were gradually increased from 45.36 to 47.32 mmol/kg and finally 50.00 mmol/ kg respectively in case of using solution of sodium periodate 3.0 mg/mL for 360 min. This increasing in the carboxylic content could be explained by the first modification step of the aldehyde groups formed at the C2-C3 positions, and in a second reaction step these aldehyde groups are oxidized to carboxyl groups. Furthermore, it was observed that a slight increase in the carboxyl groups appears after increasing the concentration of sodium periodate to 4.0 mg/mL for 60 min regardless the time of selective oxidation by sodium chlorite. Therefore, it was expected to increase the ion exchange capacity of the oxidized viscose fiber after the treatment process with 4.0 mg/mL of sodium periodate for 60 min, followed by the oxidation with sodium chlorite for 48 hrs, as the carboxylic content obtained at this reaction condition was about 110 % higher in comparison with the unmodified viscose fiber.
Surface morphology
The results for the methylene blue method for determination of carboxyl group content showed that the highest -COOH group content was observed in samples obtained by using sodium periodate for 60 min. followed by the oxidation with sodium chlorite for 36 hrs. therefore, this modified sample was milled against the unmodified viscose fiber. Figure 1 shows the SEM of unmodified viscose powder and modified viscose powder. It indicated that both viscose powder (VP) and oxidized viscose powder (OVP) have different particle size. The milling process of viscose fibers at similar milling conditions leads to an increase in the specific surface area from (0.85 m 2 /g) to (241 m 2 /g) for VF and VP, respectively.
Adsorption performance
Effect of time. The adsorption kinetics determines the necessary time for the accomplishment of adsorption process. Figure 2 illustrates that adsorption is very fast process and OVP is more efficient adsorbent than VP. The amount of MB adsorbed by OVP is 1.18 times higher than VP. Also, for OVP, about 89 % of the equilibrium uptake was achieved in 5 minutes and the equilibrium was attained in 15 minutes with 78% of MB removed. While, for VP kinetics was some what sluggish, only 53 % of the equilibrium uptake was achieved in 5 minutes and the equilibrium was reached in 20 minutes with 67% of MB removed. These observations manifest the key role of the introduced carboxyl groups in the adsorption of MB. Figure 3 a and b displays the plots of the pseudo-first-order and pseudosecond-order models. The correlation coefficient (R 2 ) and the calculated parameters for these models are provided in Table 2 . It is noticeable that the pseudo-second-order model gives the best fit for the kinetic data of both VP and OVP according to the R 2 value and the similarity between the calculated and experimental values of MB equilibrium uptake. Therefore, the results of the pseudo-second-order model will be further discussed.
Kinetics modeling.
Comparing the k 2 values indicates that the adsorption rate of OVP is considerably higher (7.2 times) than VP. On the other hand, comparing the q e(cal.) values of VP and OVP indicate that OVP adsorbs slightly or relatively higher amount of MB. However, OVP still superior than the VP owing to the significantly higher adsorption rate as indicated by the k 2 values. The adsorption rate is critical factor as it directly affects the time of contaminated water treatment. Noteworthy that the value of q e(cal.) for OVP was slightly deviated from the q e(exp.) . Finally, fitting the kinetics data to the pseudo-second-order model implies that the rate of adsorption might be ruled by chemical interactions between the adsorbent surface functional groups and MB molecules [3] . Figure 4 shows that dosage has significant effect on MB adsorption, especially up to dosage of 7 g/L. As seen in Fig. 4 , the MB adsorption % by OVP increases from 48 to 91, a bit higher than the adsorption % of VP (32 to 84), with an increase in dosage from 1 to 7 g/L. This might be caused by increasing the number of adsorption sites available for MB [3, 6, 13] . At dosage higher than 7 g/L, the increase in dosage, consequently adsorption sites, has insignificant effect on the adsorption %. This possibly owing to approaching 100% removal. Accordingly, 7 g/L was considered adequate to achieve high MB adsorption % and was selected as the optimum dosage hereafter. Effect of solution initial pH. The effect of MB solution initial pH on MB adsorption % is shown in Fig. 5 [31] . On the other hand, the surface of the adsorbents contains functional groups which deprotonate gradually as the pH increased. Thus more MB are adsorbed via the electrostatic interactions between the negative charges of the deprotonated functional groups and the cationic dye MB [3, 6, 31] . Based on these results, the optimal solution initial pH was selected to be 9. H. H. ABDEL GHAFAR et al.
Effect of dosage.
Effect of initial MB concentration.
The amount of MB adsorbed onto VP and OVP at different initial concentrations is shown in Fig. 6 a. Larger amount of MB was adsorbed when the initial concentration of the MB increased. As the initial concentration increases there will be more MB molecules in the aqueous phase consequently the chances of interaction with the adsorbents increase. Also, as the initial concentration increases, the concentration gradient increases and consequently, the driving force for mass transfer to the adsorbent surface [31] [32] [33] .
Isotherm modeling. The isotherms data was fitted to the widely used isothermal models, Langmuir, Freundlich, and DubininRadushkevich isotherms. Plots of the linear forms of these models are shown in Fig. 6b , c, and d, respectively, and the values of the calculated isotherms parameters are presented in Table 3 . [15] . The values of R L in Table 3 indicate the favorability of the adsorption process. 
Conclusions
In this work, viscose waste fibers (VP) were modified by selective oxidation to improve the ability of adsorbing cationic dyes during waste water treatment. For this purpose, different treatment parameters were investigated such as sodium periodate concentration, and time of selective oxidation with sodium chlorite. The content of carboxyl groups obtained by 4.0 mg/mL of sodium periodate for 60 min, followed by the oxidation with sodium chlorite for 24 hrs is about 110 % higher in comparison with unmodified viscose fiber. Moreover, the surface area was increased from (0.85 m 2 /g) to (241 m 2 /g) for VP and OVP, respectively by ball milling technique. The efficiency of VP and OVP for the adsorptive removal of MB as a model for cationic dyes was studied in detail. The effects of contact time, dosage of adsorbents, and MB solution initial pH and concentration were investigated. About 84% of MB was removed using 7 g/L of VP and the percentage removal increased to about 91% using OVP. Alkaline pH favors the MB removal; 93% and 97 % of MB were removed at pH 9 using VP and OVP, respectively. The adsorption kinetics followed the pseudo-second-order equation implying that the adsorption is a chemisorption process. Langmuir model was the best model to describe the adsorption isotherm and indicated that the adsorption process is favorable and includes the formation of monolayer of MB onto the surface of VP and OVP.
